Water, acetone and the normal alcohols from methyl to hexyl have been adsorbed on mercury. All substances gave reversible adsorption and, with the exception of water, gaseous films were formed at low pressures. Methyl and ethyl alcohols showed the adsorption of a second layer at higher pressures, the double layer having half the co-area of the original monolayer. Actone gave rise to a double layer and finally a triple layer (with one-third of the original co-area). The property of multilayer formation was thought to be one of small partially polar molecules. For the gaseous films of n-butyl, n-amyl and n-hexyl alcohols the co-areas and the thermodynamic data indicated that the molecules were lying flat on the surface. These three substances showed two-dimensional condensation to liquid films at higher pressures. This phase change was accompanied by an increase of entropy which led to a decrease of the surface-vapour pressure with rise of temperature. The large entropy and heat of adsorption o f water were taken as evidence for the association of the adsorbed water molecules and this probably occurred, to some extent, with methyl alcohol as well. The heat of adsorption of acetone was smaller than expected for a substance with a large dipole moment.
condensation discovered. The work described in the present paper was undertaken with the following problems in mind:
(1) The determination of the heats of adsorption of some polar molecules for comparison with the results already obtained with benzene, toluene and n-heptane.
(2) To confirm or disprove the fact th a t water vapour was not adsorbed on mercury which was reported by Cassel & Salditt (1931) .
(3) The search for substances which would form second and third layers a t high values ofp/p0. There was considerable hope of finding such substances among polar compounds because some behaviour of this type had been shown with toluene.
(4) (a) To discover the effect of increasing the chain length on the heat of adsorp tion and on the orientation of the molecules a t the surface.
(6) To increase the chain length with a view to obtaining two-dimensional condensation.
A brief outline of the published work on the adsorption of vapours on mercury was given in P a rt I (Kemball & Rideal 1946) .
E x p e r i m e n t a l
The apparatus and the measurement of the surface tension of mercury in the presence of vapours has been described elsewhere (Kemball 19466) . The purification and the data for the determination of the vapour pressure from temperature, of the substances adsorbed, were as follows:
Methyl alcohol. Commercial methyl alcohol was distilled three times; b.p. 64*2° C 760 mm. Vapour pressures were calculated from the logp against l/T relation obtained from the data of Ramsay & Young (1887) , Fiock, Gunnings & Holton (1931) and Mundel (1913a) .
Ethyl alcohol. After distillation the alcohol was dried over potassium carbonate; 7)q = 1*3625. The results of Mundel (1913a) and of Ramsay & Young (1886) were used to calculate the vapour pressure.
n-Projpylalcohol. The alcohol was "dried over lime and distilled three times; b.p. 96*5° C/760 mm., y= 1*3860. A logp against l/T relation was the work of Mundel (19136) and Schmidt (1891) .
n-Butyl alcohol. The alcohol was distilled; b.p. 116*6° C/765*8 mm., y^ = 1*3995. The best straight line was fitted to the logp against l/T data from 30*0 to 60*2° C, given by Gilliland & Sherwood (1934) . For lower temperatures extrapolation of this line was used.
n-Amyl alcohol. I am grateful to Professor N. K. Adam, F.R.S., for the specimens of amyl and hexyl alcohol used in the present research. The specimens had been prepared by the Eastm an Kodak Company. After distillation the value of y =s 1*4099. The information available for the determination of the vapour pres sure was most unsatisfactory. A logp against l/T relation was obtained from the results of Grassi (1888), who did not specify which isomer of the alcohol was used. By comparison with the corresponding lines for w-butyl and w-hexyl alcohols the gradient of this line was found to be correct but the whole line appeared to be displaced by as much as 0*17 unit on the logarithm to base ten scale.
n-Hexyl alcohol. The Eastman Kodak specimen was distilled and the central fraction used; rjp = 1*4170. The vapour pressure determinations of H Lankelma & Stanford (1938) were employed.
Water. Identical results were obtained with distilled and tap water. The vapour pressures were taken from the Handbook of Physics and Chemistry, 1943-4. Acetone. The acetone was dried over calcium sulphate and distilled; b.p. 56*5° C/ 760 mm., 1$ = 1*3591. The values of the vapour pressure given by Drucker & Kangro (1915) and Sameshima (1918) were found to be in agreement and were used to determine the vapour pressure from temperature.
Experiments were conducted with the mercury at two temperatures, 25 and 50° C. W ith the higher alcohols it was necessary to wait for as long as 2. hr. at the lower pressures before equilibrium was attained throughout the apparatus. This length of time was required because the alcohol vapour was diffusing through a pressure of mercury vapour of similar magnitude. All the isotherms were completely rever sible. The experimental results for the alcohols from methyl to n-amyl, and for water are given in tables 1 to 6. Those for acetone and w-hexyl alcohol are given graphically (figures 1 and 2). and ethyl alcohols were similar to th at for acetone (figure 1), and those for w-butyl and n-amyl alcohols, to the one for n-hexyl alcohol (figure 2). W ater and propyl alcohol gave results similar to the 50° C curve of acetone, i.e. concave to the pressure axis but without the tendency to increase in slope shown by the 25° C curve. 
I n t e b p b e t a t i o n o f t h e e x p e b i m e n t a l b e s u l t s
The methods of interpretation which had proved successful with the non-polar substances were used. The first of these was the fitting of the Volmer equation (1) to the experimental results, on the assumption th a t one was dealing with a mobile film. The plot of l o g p / Fa gainst F was constructed in each case to test the relation (2) derived from the Volmer equation and the Gibbs equation.
The only attem pt th a t was made to apply the Langmuir equation was in the case of water where there was reason to believe th at the molecules were immobile on the surface. This will be discussed in detail below.
In order to understand the phase changes occurring in nearly all the adsorption isotherms a t higher pressures, the F -logp curves this type of curve
( 2)
The adsorption of vapours on mercury gives the am ount on the surface according to the Gibbs equation. In this way it was possible to obtain force-area and (force) (area)-force curves for the polar substances on mercury.
The primary gaseous film
In all cases the first region of the adsorption isotherm gave a straight line within the limits of experimental error when plotted as against F , indicating a gaseous film obeying a Volmer equation. Accordingly, the free energies, heats and entropies of adsorption were calculated for each of the substances by the method outlined in P a rt I (Kemball & Rideal 1946) . The values obtained are shown in table 7. The errors given are'exclusive of errors in the vapour pressure values. In the case of w-amyl alcohol the additional error would probably amount to 250 cal. in AO, less than 1 entropy unit in and negligible error in AH and 6, the co-area. Some examples of the logp/F against F curves obtained are shown in figures 3-7. Ethyl alcohol gave results similar in form to those of methyl alcohol (figure 3), where the second region of each isotherm was also a straight line on this plot. Some deviation from the linear relation can be observed near the high pressure end of the propyl alcohol isotherm a t 25° C (figure 4). w-Butyl and w-hexyl alcohols yielded curves similar to those shown in figure 5 for w-amyl alcohol. The second regions, unlike those for the first two alcohols, were no longer straight lines. The transition pressures became lower the longer the hydrocarbon chain in the molecule. The results for water (figure 6) require no comment and those for acetone (figure 7) will be discussed below under the section on the formation of second layers. The state of adsorbed water
In the ease of water the entropy of adsorption was so large th a t it seemed probable th a t the molecules were immobile on the surface. Presumably any particular w ater molecule remained in contact with the same mercury atoms for a relatively long period and the complex thus formed was able to move about the surface. I t is not clear, therefore, whether the Langmuir equation, which is based on the assumption of adsorption on to fixed sites, would be expected to fit the experimental results more accurately than the Volmer equation. Complete immobility would not be ACETONE.
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expected for adsorption on to a liquid substrate. The lower p art of the log against F graph for water (figure 6) did show some tendency to curve, and it was mentioned in P a rt I th a t the Langmuir isotherm gave curved results a t low pressures on this type of plot. Accordingly a Szyszkowski equation (implying a Langmuir isotherm) was fitted to the results for water a t 25° C and, as can be seen from table 8, the value of the quantity R was resonably constant. The calculated Szyszkowski equation was F = 0 09417 x 4 8 4 -2 1 o g |^g + l t
In order to compare the fit given by this and the relation (4) which had been cal culated by the Volmer method outlined above, the error function (5) was evaluated:
logp/JP = 0-013061?7-0*9374,
o . -f f o -r t * .
n -m y Q is the calculated value of the observed quantity y, n is the number of observations, and m is the number of variables in the equation fitted. The experimental values of F were used to obtain calculated values of logp, and these, together with the ob served values of logp, were used in the error function (5), which was evaluated for each of the equations in turn, m was 2 in both cases and the values of n were the same. The equation (3) gave a value of Q = 0*000329, compa equation (4), indicating th at the Langmuir method of interpretation was slightly more accurate than the Volmer. This behaviour contrasts with th at found for the adsorption of %-heptane (Kemball & Rideal 1946) . The Langmuir equation gave the limiting area per molecule as 20*6 A2, compared with 12*3 A2 obtained as the Volmer co-area. As mentioned above, the entropy of adsorption of water was large, 35*9+ 1*1 entropy units, and calculation on this topic led to interesting conclusions. Accurate values of the entropy of water have been available for some time. Gordon (1934) gave 45*101e.u. at 298*1° K and 1 atm. The discrepancy between this, and the experimental value of 44*28 e.u. obtained by Giauque & Stout (1936) , has been explained on the postulation of random orientation of the hydrogen bonds in ice. The idea was put forward by Pauling (1935) who showed th at the difference between experimental and calculated values should be In 6/4 = 0*806 e.u. Gordon's value was confirmed by Giauque & Archibald (1937) using the reaction Mg(0H)2^M g 0 + H 20.
The contributions of the vibrations to the entropy, and the effect of the vibrations on the moments of inertia are small at room temperature and may be ignored. Using the moments of inertia given by Gordon (1934) the sum of the translational and rotational entropy is found to be 45-0, compared with the accurate value of 45* 101 e.u. A similar calculation for 310*6° K gives 45*4 e.u., which, with an entropy of adsorp tion of 35*9 + 1*1, means a value for the adsorbed molecules of 9*6 + 1*1 e.u.
When the molecules are regarded as fixed on the surface there will be no trans lational entropy for the adsorbed phase, but there will be a considerable entropy corresponding to the number of ways in which the molecules may be distributed between the available sites. Fowler & Guggenheim (1939) This relation gives the entropy for one mole adsorbed on to fixed sites in terms of one parameter x, which will depend on the size of the molecules and on the distance between the mercury atoms on the surface. Using equation (6) and taking the area of a water molecule as 12*0 A2, which gives x = 583*1 a t the concentration of the standard state, the entropy is found to be 14*6. This is much greater than the experimental value of 9*5+ 1*1 e.u. There are two possible explanations of this discrepancy. First, when one molecule has been adsorbed there may be some hindrance experienced in the adsorption of a molecule to a neighbouring site due to dipole repulsion; this would mean th a t the area of each site must be increased and a reduction in x would result. However, to reduce the theoretical entropy to 9*5 e.u. the value of x would have to be 45 and the area of each site 155 A2. Secondly, the molecules may be associated on the surface involving a further reduction in their entropy.
To estimate the possible decrease in entropy if all the water molecules were associated into pairs in the surface layer, an expression given by Fowler & Guggen heim (1939) and due to Chang (1939) may be employed. The number of ways of combining NA double molecules with NB single molecules is
where z gives the number of nearest neighbours, and < rAA> is a symmetry number which is equal to 2 if the ends of a double molecule are indistinguishable. Replacing Na by \N and considering NB as representing empty sites, not single molecules, the expression can be adapted to the present problem. The symmetry number is 2, and the co-ordination number for a mercury surface may be taken as 4. The total number of sites is again taken as x N which therefore replaces 2NA + NB. approximation the entropy per mole of single molecules is given by
Using# = 583*1, the entropy is found to be 8*7 e.u., which is a considerable reduction from 14*6 and in better agreement with the experimental value of 9*5. The entropy might be further reduced by assuming association into clusters of more than two molecules and by assuming a larger area for each site. Factors which have been neglected and which will cause an increase in the calculated entropy, are the vibrations of the molecules in the force field of the mercury and about the link, presumably a hydrogen bond, holding the pairs or clusters of molecules together. These considerations of entropy form strong proof of the association of water on the surface of mercury because the large entropy of adsorption can be explained in no other way.
Second layer formation
The experimental results for acetone provided evidence for the formation of more than one adsorbed layer. The log p / Fa gainst F curve (figure 6) two and probably three straight regions. The first discontinuity was sharp but the second was ill-defined. Straight lines were fitted to the three regions and the values of the constant 6 obtained were 18*8 ± 0*3, 9*6 ± 0*2, 6*5 ± 0*4 A2, indicating th at the equations F{A -18-8) = kT, F(A -9*6) = JcTF(A-6-5) = were obeyed in succession. Now | x 18*8 = 9*4 and ^ x 18*8 = 6*3, which suggested th at the formation of a second and then a third layer was taking place. In analogy with the equation ^ = ŵ hich was suggested in Part I for two layers on the surface, F ( A -|6 ) = kT was expected to hold for three layers. The fitting of straight lines to the curve presupposed th at all the discontinuities were sharp. This treatment was balanced by drawing the F against logp curve as smoothly as possible, which led to a smoothed FA against F curve (figure 8) and placed the minimum of emphasis on the discontinuities. The FA curve indicated th at the formation of a fourth layer had begun near the saturation pressure. Condensation to a two-dimensional liquid was not a sufficient explanation of the changes observed with acetone. By the end of the adsorption there was one acetone molecule per 10 A2, which meant that a second layer at least must have been formed.
At 50° C the condensation of the second layer did not take place until a much higher pressure was reached. I t was not possible to explore this region in full.
However, the errors of the last seven points from the line fitted to the first eighteen points comprised strong evidence of some phase change.
The property of forming multiple layers appeared to be connected with small partially polar molecules because the changes in the isotherms of methyl and ethyl alcohols probably corresponded to the same phenomenon as found with acetone. In these cases no attem pt was made to smooth the results. For methyl alcohol the following equations were found to fit the experimental readings: a t 25° C:
F(A -31-3) = and a t 50° C: F ( A -28*4) = IcT and 14*
In both cases the co-area for the second region was almost exactly half th a t for the first region. For ethyl alcohol a t 25° C the co-areas were 22-9 ± 0 3 and 11*7 0 0-2 A2. Sufficiently high pressures could not be obtained to calculate the co-area for the second region at 50° C in the case of ethyl alcohol. The surface pressures a t the onset of the double layer adsorption were 19*8 and 28*1 for methyl, and 39-0 and 48*2 dynes/cm. for ethyl alcohol a t 25 and 50° C respectively. These show th a t the ten dency to form a double layer diminished with increasing temperature and chain length as expected. The entropy of adsorbed acetone
The extremely small value found for the entropy of adsorption is of interest. Using the methods outlined in P art II (Kemball 1946a) the two-dimensional entropy of translation a t the concentration of the standard state was found to be 29*6 e.u., compared with the three-dimensional value of 38*2 a t 310*6° K and 1 atm. The minimum value th at would have been expected for the entropy of adsorption was therefore 8*6, the difference between the values just quoted. However, the experi mental figure was only 4-4 + 0 7 e.u., which indicated th at the adsorbed molecules must have possessed as much freedom to rotate and to move in two dimensions, as the vapour molecules, and further th a t the lost translational freedom must have been replaced by a vibration of low frequency. The small energy of adsorption of 7*45 kcal./mol. was in keeping with this suggestion. Two methods were used to give a rough value of the frequency of the vibration and hence the entropy associated with it. The idea due to Lindemann th at the amplitude of the vibrations of atoms a t the melting-point is equal to the interatomic separation may be extended to calculate a ' characteristic frequency ' for the acetone molecule. First, the relation (7) given by Moelwyn-Hughes (1940) was used, taking the melting-point as 174° K and the density of the solid as 0*9686, and giving the value of the frequency as 42*6 cm.-1. Secondly, use was made of the approximate relation between energy of dissociation and the frequency of a diatonpc molecule. W ith the exception of hydrogen and deuterium the relationship is linear. Assuming th a t the concept could be applied to the interaction between molecules as well as to th at between atoms it was found th a t the energy of 7*45 kcal./mol. corresponded roughly to 70 cm.-1. Both these methods were not strictly applicable to molecules but they showed agreement on the order of magnitude of the frequency. In table 9 the entropies of vibration of frequencies in th at range, calculated from the relation (8) for the
where v is the frequency, Li s a constant having the value 2*80 molecular volume and Tm the melting-point
temperature of 310*6° K, are listed. The values are of the correct order to account for the difference between the entropy of adsorption of 4*4 and the expected loss for the third degree of translational freedom, of 8*6 e.u., by a slow vibration of the molecule, as a whole, in the force field of the mercury. I t was presumed th at the adsorption was so weak that the rotations of the molecule were hardly impaired at all. This led to a large free energy of adsorption even although the total energy was little greater. Two-dimensional condensation The upper regions of the adsorption isotherms for the three higher alcohols consisted of comparatively incompressible films. The F against log curves (e.g. th at for w-hexyl alcohol, figure 9) were practically straight and the log against F curves (e.g. th at for w-amyl alcohol, figure 5) were convex to the surface-pressure axis, indicating th at the Volmer equation was no longer obeyed. For the purpose of calculating the thermodynamic quantities for these condensed films, and for the construction of the F against A curves (figures 10, 11), straight lines were fitted to the upper parts of the F against log p curves and the compressibility of the films was ignored. The gradient of such lines gave the area occupied by each molecule in the condensed film, and the intercept on the logp axis was some measure of the free energy of adsorption.
The same definition of a standard state as was used for the gaseous films was taken for these condensed films, i.e. a surface pressure of 0-06084 dyne/cm. a t any temperature. Extrapolation of the F against logp lines was necessary as none of the films were stable down to such a low pressure. The free energy of adsorption was given by
where p 0 was 1 atm. and p was the pressure of vapour th a t would have been in equilibrium with the condensed film a t a surface pressure of 0-06084 dyne/cm. Hence
if p is measured in mm. of Hg. The entropy and heat of adsorption were then ob tained from the temperature coefficient of the free energy. The data for the con densed films of the three alcohols are summarized in table 10. As expected the heat of adsorption increased with chain length because of the greater interaction between the chains. The area per molecule remained in the neighbourhood of 20 A2 indicating th a t the molecules were erect on the surface. The force-area curves for these alcohols were calculated from the Volmer equa tions fitted to the first regions of the isotherms and from the area per molecule (assumed constant over the second regions). The value of the surface pressure at which two-dimensional condensation set in can be seen to diminish with chain length, and the increase of the co-area of the gaseous films with chain length is also clearly shown in figures 10 and 11. A comparison of the two figures shows th a t for each alcohol the condensed film formed a t a lower surface pressure a t the higher temperature, i.e. the surface vapour pressure decreased with increasing temperature -a reversal of the normal pressure-temperature relation. This interesting property was connected with the entropy change on liquefaction or alternatively with the latent heat change. As the condensed film was formed from a gaseous film in which the molecules were lying in contact with the mercury there was an absorption of energy instead of an evolution. The entropy of the molecules was greater in the liquid film than in the gaseous film. The effect was due to the fact th a t the molecules were more strongly attracted to the mercury than they were to each other, and liquefaction was only possible after the erection of the molecules. The critical temperatures for substances on a mercury surface must be greater than the values on a water surface, because the experiments of Adam & Jessop (1926) indicated th a t the critical temperature of substances with 12 or 13 atoms in the chain was below room temperature. No definite liquefaction was obtained for propyl alcohol on mercury but th a t was probably due to inability to produce a sufficiently high vapour pressure because the last few points of the log against F curve (figure 4) indicated th at some change had taken place in the isotherm for 25° C. The large mass and high surface energy of the mercury may mean th a t the surface of th at medium is more permanent than the surface of other liquids and give rise to a higher critical temperature for two-dimensional condensation. Surface films on water generally give surface-vapour pressures of less than 0*4 dyne/cm. The higher values found with mercury were due to the short chains of the substances adsorbed. If the surface-vapour pressures for substances on water are plotted as log F against the number of units in the chain, an approximately linear relation is obtained, and the values for the three alcohols adsorbed on mercury also fit this relation reasonably well. However, the work of Jura, Loeser, Basford & Harkins (1945) shows the liquefaction of w-heptane on silver a t a surface pressure of a fraction of a dyne/cm. which would not be expected from the relationship between surface-vapour pressure and chain length.
C. Kemball

D iscussion
The heats of adsorption of the different compounds showed interesting variations. As had been found with the non-polar substances (Kemball & Rideal 1946 ) the first region of the adsorption isotherm was nearly always a gaseous monolayer obeying a Volmer type of equation (the only exception being water). The values obtained for ethyl and w-propyl alcohols probably represented the heat given out by the adsorption of an alcohol group end-on to the mercury surface, i.e. about 11 kcal./ g.mol. The higher values obtained for methyl alcohol and water may have been partly due to the closer approach of these small molecules to the surface but were probably caused by association which was thought to occur from entropy considera tions. After propyl alcohol the heat of adsorption rose sharply and increased with each extra CH2 group in the chain, which, coupled with the increase in co-area, indicated th a t the molecules were lying flat on the surface. The heat of adsorption of acetone was low despite the strong dipole moment. The area indicated th at the molecules were probably end-on to the surface and this suggests that, although the heat of adsorption might be greater if the dipole came nearer the surface, the area occupied might be uneconomically large or alternatively the freedom of the mole cules might be curtailed and give rise to a lower free energy of adsorption. The low entropy of adsorption for acetone confirms th at the molecules are held in some way which puts little restraint on them and allows free movement. The heat of formation of the liquid films, formed with the higher alcohols, increased with chain length as expected.
The co-areas of water and methyl alcohol were much larger than might have been expected. This increase may have been due to dipole repulsion between the adsorbed molecules and some trace of this still persisted with ethyl alcohol. The decrease of co-area with temperature confirmed the idea of dipole repulsion, because as shown in P a rt I a decrease of co-area with temperature means the absorption of energy as two molecules approach to their equilibrium distance on the surface. The small increase with ethyl alcohol indicated that the attractive forces were only just greater than the repulsive forces a t the equilibrium separation. Most of the substances adsorbed showed an increase of co-area with temperature.
Contrary to the results of Cassel & Salditt (1931) water vapour was found to be adsorbed on mercury, although not strongly a t 50° C. The initial regions of the curves for surface pressure against vapour pressure were found to be concave to the vapourpressure axis a t all stages, whereas Cassel & Salditt had reported a convex curve with a point of inflexion for the lower alcohols. This they attributed to association between the alcohol molecules, but it is doubtful if association could cause such marked effects. They found that a large pressure of methyl and a somewhat smaller pressure of ethyl alcohol was required to influence the surface tension, and so on until butyl alcohol caused a lowering at extremely small pressures. In all cases, once this critical pressure had been reached the effect on the surface tension of a further increase of pressure was quite marked. I t is possible th at their mercury was covered with some non-polar contaminant, which water was not able to displace and so was not adsorbed, and the alcohols were able to displace this dirt once a certain critical pressure had been reached and this was lower the larger the non-polar part of the molecule. I t is only in the cases where the attraction between the adsorbed molecules are greater than the attractions between the adsorbing surface and the adsorbed molecules, th at a convex portion of the F against p curve would be expected due to association.
The alcohols showed an interesting trend as regards the behaviour of the second region of the adsorption isotherm. Methyl and ethyl both formed second layers. The higher alcohols from n-butyl upwards formed condensed films. Propy between the two types of behaviour. I t has too long a hydrocarbon chain to allow the formation of a second layer readily-the extra CH£ group in ethyl alcohol The adsorption of vapours on mercury delayed the formation of the double layer by several dynes/cm. compared with methyl alcohol. On the other hand, the length of the propyl chain was too short to give two-dimensional condensation until a very high surface pressure was reached. One of the interesting features about the experimental results was the evidence for the discontinuous adsorption of the second layers, and in the case of acetone, of a third layer as well. Little was known about the structure of the double or triple layer thus formed, they appeared to be gaseous, obeying a Volmer equation with one-half or one-third of the normal co-area. This behaviour could be explained on the concept of separate surface pressures for each layer and equal amounts in each layer. This cannot be regarded as a satisfactory explanation; it is more reasonable to regard the two layers as a composite phase and not to differentiate between firstand second-layer molecules. This treatm ent is also demanded by the application of the phase rule, for example to figure 3.
W ater showed no inclination to form a second layer and only a monolayer was formed a t high ratios of PlPo-The evidence obtained so far i partially polar molecules most readily form second layers. I t is possible th a t a second layer of water would not produce any lowering of surface energy. The surface tension of mercury covered with a monolayer may be regarded as the free energy of the mercury atoms and the free energy of the molecules comprising the monolayer. The surface tension of mercury covered with a monolayer of water is 438 dynes/cm., whereas the corresponding values with heptane, and benzene ancl toluene, are 424 and 419 dynes/cm. The value with water is distinctly higher and in keeping with the greater free energy of the water molecules. A second layer of water will only be formed if the free energy of the mercury atoms be reduced, because it is clearly no gain towards the reduction of surface tension to replace one layer of molecules by two layers when the molecules in the second will have the same high free energy. If one supposes th at one layer of water molecules is capable of saturating the field of the mercury atoms, the adsorption of a second layer would not be expected. However, in the case of a partially polar molecule, it is possible a second layer might cover up some of the polar portions of the molecules in the first layer and so cause a decrease in the free energy of the surface as a whole.
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